A theory of exciton condensed phase creation in two-dimensional system is presented. The theory is applied to explain the appearance of the periodical fragmentation which was observed last years in luminescence from the ring around laser spot in crystal with double quantum wells.
effectively than electrons. As the result the charge separation takes place from positive charge value in the center of laser spot till negative one far from the spot. The emission of light occurs from a ring where product of the electron and hole densities has maximum. For determination of the density distribution we have used the system of equations similar to that investigated in [6, 7] but we added the equation for the exciton density. Lets n e , n h , n ex designate the well densities of electrons, holes and excitons, respectively. These values satisfy to the following kinetic equations ∂n e ∂t = D e △ 2 n e + K e (r) − W n e n h − n e − n 0 τ e ,
where D e , D h and D ex are the diffusion coefficients, τ e , τ h and τ ex are the lifetime for electrons, holes and excitons, respectively, W is the electron-hole recombination rate, K e (K h ) is the electron (hole) creation rate in the well, G is the exciton production rate (G = qW n e n h , q ≤ 1). 
τ e = τ h = 10 −5 s, τ ex = 10 −7 s, the spacial distribution of the pumping was approximated by the Gaussian curve with width 60µm and K h = 2K e . The qualitative picture of behavior of n e , n h as a function of r is similar to results obtained in [6, 7] . The position of the exciton density maximum determines the ring luminescence in experiments. We shall use the obtained value of exciton density to study the fragmentation of the exciton condensed phase. It is suggested that the condensation occurs due to the exciton-exciton interaction and it is not the Bose-Einstain condensation in the wave vector space with k=0. We have estimated the Van der Waals attraction using the well known formula of quantum mechanics and showed that Van der Waals interaction between two indirect excitons in coupled quantum wells exceeds the dipole-dipole interactions in the range of distances between excitons of order of several exciton radiuses (See Appendix). The attractive interaction may cause the existence of the exciton condensed phase. Some models of phase transitions in a system of indirect excitons were studied in [10] . Afterwards we shall suggest that condensed phase exists and it is described by some parameters which will be determined later. Due to a finite value of the exciton case the condensed phase must exist as a system of islands similar to electron-hole drops in bulk semiconductors. In studied system the islands should be localized on the ring where the exciton density has maximum.
Under following consideration we shall apply the theory of creation of the exciton condensed phase islands in two-dimensional case [11] to studied system with nonuniform pumping. Firstly, we shall study the system of condensed phase islands periodically situated along the ring at maximum of the exciton density with r = r 0 (Fig.2) . ϕ m = 2πm/N is the angle of m-th island on the ring.
Afterwards we shall show that deviations (fluctuations) from periodicity are small. Let us consider the formation of some island, for example,the island with m = 0. We introduce the distribution function f n , which determines a probability of the island with m = 0 to have n excitons. The size of disks is determined by four processes: creation of excitons by pumping, capture of the excitons from environment, escape of excitons from the disk, and the exciton decay. The kinetic equation for the distribution function have the following form
where j n is the probability current R n is the radius of the disk with n excitons, W f i (R n ) and W if (R n ) are probabilities for the exciton to be captured by the disk and to escape from the disk per unit length of the circle, respectively, 
where W f i (∞) and W if(∞) are the transition probabilities in the case of straight line boundary between condensed and gas phases,
of excitons for the straight line boundary between condensed and gas phases
ϕ is the condensation energy per an exciton, c 10 = γ(m * κT /2πh 2 , m * is the effective exciton mass,γ is the degeneracy of the exciton state, a 2 = a l s o /κT , a l is the energy per unit of the disk length.
The connection between islands occurs due to dependence of the exciton surface concentration of considered island c(R n ) in the kinetic equation (4) versus presence of other islands. We suggest that the distance between disks is larger than the disk radius and the concentration field created by some island slowly changes in limits of a size of the considered island. As the result the exciton concentration on the disk with m = 0 may by presented in the form
where K 0 (x) is the modified Bessel function, l is the diffusion length of free exciton. Coefficients a µ are determined by boundary conditions on every disk: the current of excitons to an island should be equal difference between number of excitons captured by the island and the number of excitons which escape from the island
Due to the system symmetry all islands have equal parameters: a µ = a 0 for every µ. Further we introduce the radius distribution functionf (R) = f n dn/dR = 2πRf n /s o . In steady case at n >> 1 the solution of the equation (4) has the form
where
2ν ñ ex (r 0 ) + c 10 e
Here we have introduced the dimensionless variablesR
Gs o τ ex , ϕ and a are expressed in (10) and (11) in units of temperature. The most probable radius is determined from the condition
The mean radius depends on the number of islands isR = R(N). The probability for system to have N islands with radiusesR 1 ,R 2 , ...R N equals to
After integrating over the radiuses of the disks we obtain the probability for the system to have N islands on the ring
The number of islands is determined by the condition
The formulae (13, 17) determine the mean radius and number of islands. Since islands of condensed phases derive excitons from the same source two islands can not be situated close one to another. Moreover, the distance between islands can not be large because in this case the exciton density between them becomes greater than critical value and as the result the new island may appear. So, there is specific interaction between condensed phases trough the exciton concentration fields. As the result the dependence Φ(N) (17) has minimum at some value N = N s that determines the number of islands on the ring. We have calculated the some parameters of the islands on the ring using the equations (10-17). The exciton parameters and parameters of pumping are the same as parameters in Fig.1 . The following parameters of the condensed phase were chosen :
It is seen from Fig.3 that the distance between islands (d = 2πr 0 /N s ) increases with rise of temperature, the island radius changes slowly with temperature. At considered parameters the condensed phase exists till 2.16K.
To estimate the island position fluctuation we studied the shift of some island versus the angle ϕ along the ring at fixed position of all other islands (similar to Einstein model for crystal oscillations).
In this case the function σ(N) in (13) depends on ϕ (σ(N) → σ(N, ϕ)) and the function f (R, N) → f (R, N, ϕ) determines the angle distribution function. Using its we calculated the mean fluctuation have ∆N/N s = 7 · 10 −3 at T = 2K. Thus, the studied system has perfect periodicity. These results explain the periodical fragmentation observed in [2] .
We suggested that outside of islands the exciton gas is nongenerated. At considered parameters the exciton density at the surface of disks outside of disks equals to 7. At the large distance the interaction between excitons is dipole-dipole repulsive. But the attractive
Van der Waals interaction exceeds the dipole-dipole repulsion at distances less than 3 ÷ 6 exciton radiuses and total interaction is attractive. The taking into account the other more highest excited intermediate states in (18) should lead to increasing the presented estimations of Van der Waals interaction. So, Van der Waals interaction is really larger. At small distances between excitons the exchange interaction becomes important, also the approximation of dipole-dipole interaction becomes inapplicable. As the result the total interaction is repulsive one at small distances.
It should be noted that attractive interaction may be significant at low temperature when condensed phase is created. At higher temperature excitons are distributed uniformly over crystal, the mean distance between excitons exceeds the region of attraction and main contribution to the exciton-exciton interaction gives the dipole-dipole one.
